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^mmmiit&^m\z. ^Mo^s^m-i >\f-:$^>7.^-m 
&d{zm.m\z^A-r^ct\zj:f). m^^isimcD^^-i >\f 
-^>7.i)^^^L. miE<Dm^^mfjmf^\z^m'^it^ 

mmmtimmT.^ y^ti.xmmi^. B9ies«»m<Dj^ 

mf)^mm^\zy-^wcm^zifi^rr'r^m^mi^^m\z. m 
iBx < u/ 5" > ^ytjUT. <D^-r ^>^\zft:^crzmmmm7. 

"^izmn-^-^^t. m^mm\B\m^m(o:k^tj:'i >\^- 
y>:^&it\z»^xm^ikm:^^^m^it^tl^^^^m 
mvx. ha^ ^)uzi7<Dm.mmmmma:>mm\z^':>x 
-(>\^'-y>xm'^^m^mm&i\zmMA7s-( y^itL 

im^ms] •:fyX'^x.y^>^\z^m^n^^>\^- 

^\z^mr^n)V7.^mmMm^^i^'&mMni^^mn 

Tsi:, m:'^mmmm\zy^m'^it-^n^mm\zm-5 

'i>'d-^>7.m'^m^^mmm\z^m^^ntium 
7.-( y^LLx^mx^s mu^'^ikmo^mmt^m^mz 
T'-^WLmzm=i'r^nmm^M&.m\zmt^7s'i y^^y^ 
n)V7.(D^^ ^y^\z^.]:.rz^^mm7s^ y^<DV^m 
T> -^mz^mm.ti^^it^\tum-^'^. y^xv* 

[|*:«Ji4] ':f'7X'^:siy^>^\zmL>. ^>\f:-^> 
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[a*^5} :/^Xvxu/5F>ti7'fc^ffi^n-5il5^iSm 

^X'7(c®Bg-rss«ft^3s*ag^(i#<hig^L, -^(D 

^>^xmm-^nrzmi^7.-( y^{z^o. ^M(d 

^^mt^m\z7-i7Wcm\zm^-r^mmmj^^:Jstti\z-mm^^ 
\htimij^-mmzi^±. mtmik^i±x^m<Dm'^WL 

20 p^mi^rzi^m^mmmm. 

^x^^(D^nw.mM^^^m^iim^\.. ^(djvvt. 

T^^m.<D^mm'E^^^^m^-t^^^\z^K>. mm 
f&itiijmtt^x-i y^>^^^^^m^m\^^x. mmm 
'»tkm<D^mfi^&mmzT-i^&m\zi^fT'r^mrBmm 
30 i^m^z'X^X'Tizmf^r^mm^^s.ititjmti^-mmzi? 
jjL. ^\tmm^itx:fyX'^^<Dm'BWcmm^m:kit^ 

im^m?] 'Xyx-^x.y^y^izmL. :/^xt*co 

^^^\z'r^rzib. ^^iz-x^x-^^m^^-^T. mm 
mzmm^nrzm%unm^mf^mz^^i^itx^< c 

[0 0 0 1] 

mm±(ommi^m] ^^B^mm^m^rt. ic. le 

yX'7JLy^>^{zmir^hcox^^o 
[0 0 0 2] 

[t*£^CDtS«] fie^fe, y^X-7X.y^>^fS 
[^1] ^Z^TJiO^Z. X.y^y^miL^n'D^^^mC 
H, y7X-75giOlimx:r-;i/:^^)^2lMT^Sil5^2Sa 

50 ii^RFG, iimi&mii^miSi^^x'X^x^\z&m'r^ 
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6TS3$:gffim. mm.'s\zzi y {7 \ \xn^m%\^fz io 

[05] tc^-fctpir t ON .^T;^iS7- hb;^c&mmff 

Mccxmrn^tift'E'-^'-ui . M2-c/tU3>vc 
1 > VC2 ^mmL. ^3.-->y}gf^$fT'5o :i(Dm 

[EI 5] CO t s T^b;to ^(D^ >}::-y>7.m^mi^ 
{t. nmiRm9^i^m<Di^nx^^Xs m-^ti^mnuv^t 

GooFFfip-^ t OFF j^^xmfTi.xn<^^. mmti, 

[0 0 0 3] 

[^H^^T&^jSfttct'^ai-rsiisi y^xvxy^>^ji 

e:co«t^7:i:^T*DXL.;^c^'&og:^(^raiJSti, ms^&^7 

ttia:o<aiii«^^xejc?u65^cCttntf«B^b;^ci^ctTfe 
:j>}dD.-i$^{zj:^±m^m<t^mm\zmxm^fj. 
\^^ot>\zyf&^a^^[hmvxh^t^m^^wrzU{'fn\im 
mxtu\^^<ox^^o \^^'pmf^^^xi^f)^-DXh'rx\z 
^mntj:<ox$>'DX. z,tix\tm\zy^i^^±(omntim so 



^'^ti^\zmu^u\^'^(Dx$>^. z(D^oumm\zu^ 

[01] (ojhf)^^^^±^zti\^x^m^^}tm^^m^ 
x\f^tji\^^rzisbx$>^o ^^m<Dw^m\tc(D^'oumm^ 
m»t^fziib^»^msLm±mm^j^\z^A.. y-i^a 
mm(Dm'^mm\zm^'r^^A^±^mmmzts9mL^ 

[0 0 0 4] 

i^^^m^-t ^tz^o^m ^^m(Dm'm\t. -fvx 

Jl^^mltr, :/^X-7?^^c^x:^^;i.::fT^^S^i^m^m:ti 

^^^^Eft^-r^gg^^^ffi^tcgi-r^tjcDT^^o ceo 
m^^m0Sur^tz^<D^mmi^mm\t^m^mzt^tz 

4- is«&aa?g<D^^ 

4 -4i«SSa*(©A-f y^>^ 

A-^nnm\zm't^i^n 

4- 6SfJWX< 

[0 0 0 5] 
[f^ffi] 4 - 1 

y^X-^SmjDXtiieo^'O^^ntlES^D-ifc 

T. T-i^ft^^^i;e<hi)DX4^(D*^i^t^^gl5«)fcfi;*: 
t^m^mm'^^^n^Z,h\Zt^^. ^ii, 7-^^&l[<i:- 

<D]tiekt^±mm<^^(o\zr>\^x. mj^-r^:it\z't^. 
mt7-^iiLn\z:$^\^^xm^Xf\^^<mm\zfi,^{f,E:k 

[0 8] 

[0 1] O^Jifc^CHrtlC*5V>T. 7'^X-7 7(7>S!^L 



(4) 



4#M2 002-176034 



ms] (Dw-mm^zmrjioiz. as • 6(oi$im<D^m 

n • d-csD. -f^ x-^^tnm^zm^hmmo^m^mm^ 
m>izW'n\zmmi.rzmSi(DmiL<D'X'p x-r^ay 

'yX'^n<^^<DU9t\zE(D^of^W\^m^WM.^^\:^'X: 
T$>nt^fl!lc^J^0C7DA Z;^>^<i:<Dc]:^;^{itT^oTt), 20 

t^AZ35^o:t-Atcjfivw5^:*:#<, C(7)tta$:fle-5;i 
ttm^-STfee p 8 ^^(T^s^igssm^: I c v^Mznm 

^h.<D^ifmmz\%±<^m^^7^f^\^^^wf^tb^. 

[ian PP4 ^\Z 40 

mEE) Vp isiO^aSS^JEEVD <D2aSa:L, ^Fb^^S 

i^ffim:^^j!inP^ t ON i:f?±P#toFF H:b7toTfT-:> 

fz. z.(r>^'b\z\^xWim't^t,^Uk,\zt^(Dm^^n)\^7. 



"TCl^il-r^, tNl . tN2 . tN3 <7>&Jg«Jt»0 

m&^mm. mo-Xyx-^m^i&mo^mm^iinRzf^ 
<DnAX(D:/^x-^<DWLmvtm(o^M^mmLrzm^^m 

>:^<D^m\z^'Dxmm\z^mr^<oT. cnm^Si'^ 

h\z§mi^x\^^^<Df)m^u zom^. ;^cD<i:^nfij^ 
fccchti. zr'7X'7Bm^-mm^Lrz:it<Dmmx$> 

So fip-^. 7-:27iS:a(rJ:oTy^X-7d<^SS«fzSjK 

$n/cCDT^So t 1 . t 2 . t 3 \Z:^{f^/^)U7.\t7 

-^^:ki^(Dnmmm\zj:'DX. 'X^X'^<D-um^f)m 

X-7;0^m*'rsi5<i:CD^#^§ttTVi;^v>o + , t 

3 (DMhmm^^^^Ky-^iScmizj&^^^ho^^t. m^\t 

S. ti , t2 cDt>(Dft. y^X^O— a57&^#53^, 

^o-nmmmz^irLrzmmx. m^p^^<D^M\tu 

m<Dmmmmx^^7-^tSLm\zf^nt^i^x(omm{z 
msbx:k^\^mmmi^(Dm^\t. monmmm^m^z 

tU<. \.^^U07-^t^m\Zfj:r>XL^z>:Lt\t^^^ 
^<^ibtlX\^^^. Jl(7)ct^^ci:«'&, :*^^m<D:^^X\t 

t<. 'X^X'^x,y^>^x<D^'^tAm\tt. x;r>;i/^o 

/jN^v^. mt)^x^&u{fa-mm^mmi.xixixiiFm^ 
nz)^^x. ^(D-mo:>mm^mm:^^<D:^^^^mx^}^ 
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4-2-4 SS&mii^o^sHi*^ 0 3f-;i/ h o 
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[0 3] 
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[S31 <7)Vd ft«i±cos«»m^^^±je<^> 

[@ 1 0] 

[SI 1] (DU^^t^'^m^X^^-t^o VRi (Ccto 

9 .^(oxtim&it^Es \zmLrcmm. ui (DtBi^ji^g 
[ 

[03](7)Pa, Pb.'STO, ;i<0^.**«ta, t bT 

X 5^ - V ;u 5^ AW y u - 5^ o A m JE;&^a /ct ^ CO 
^^^r^SMTif A$tiTir^-2>« Ui 7!i«hU;^-$ti 
St 

[04] \zir:ir^v\z. =ej^—':/)V'^)V'^n^^V'- 
\t. 7i-u{fm^xn'^m^^mmz'D\,^xm^tiffi. 

<i^^SiJ<Z)OP7>yTiii|iLT'bfi<. COS^. 4# 

4-4iSi5Sm:^OA< *y5^>^ 

-mz9i \ 0 0 WJU±cDii5«i$l|*<OS55SAi' v^>^ 

^'i^m\zt^'^fmm^i^o-h(ox^^. m^\t^t^ 

m^r-<-^mmt^\hm\.x\^^. se-z^xse^c^^^ 
^w,mm(o^mz^t>^xm^t^^t\t^-^mx 

ti. ^j.T't(o:fjm\z^\^^xm^^. :z<DMm^mt}<DM 
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fSLr^^scmo ^)7^^ >7.m^<D^ 2 mo ^)7^^> 
^n«i«^«m^fi8E^SBTSi#$n, ^mz3\m^ 

hCti^^XtUlf-^. :i<D^m(r>^m{Z. 
;5:^^;&<^?fiEL. CO^m-^^zitl 0 O^^SItTJi^^c^i 

L^mzmMttiit. m^±mm\t^\ztji 20 
<, -mzKvjm&,±<Dmwjz^m^nxi^^^. 

«x-r y'^(oW}mz\^f)^f^ibfx^^:it^^m^o pt>. m 

«i 0 o%^?»»r«jte$n, ^s^ttfg;o^;^-f ^v^(Do 

•r, :i<Dm\:\mmmnu<m'^\zyfm'^^m^i^K)m 
% 0^ CD ^ P5 ch u T iss^ &m * X 5^ ^^^T # 

1 2] (C^To Cn«. VCi, Ls,VC2,C 

M?'jt3<^unL, m^^f^^-mmz^^r^m^MT.-f 



\tmmmzmm-^mx$>^. 

(^) HFS^oaaiMSSC(^«^> 'J7^^>X^^C0 

L, co{itiitiae5Jz 1 0-7-10-5 (H) . 1 0 

-11 0-10 (F) gs-c^O, -eoiSiSJS^tS 

:;iX:{-i^atcDSi^amfi#T:/^XT^lB»rb/t«^o84 
[114] 

[0113 <Dhy>i^7s^X-( y^Qs (OMmM&VQ 

tnmm&Vp <r)m^^^9nLrzha:>x\ VQt)^iLt>±^^ 
oTTi^e, Td cO^FB^iino^Vp ;^«0 3}^>)l/hlCtiS 
7'^XV;!)«?g^Lfc::i:35<*iJS. Td 

hit^T-^Wcm\zu^zt\tx^r3ii^(Dx$> 
mmnwz^im^ti^^^tscmm&yp' 
m4] o t4 ic^stt^y^XTt^^girfl^t V i^t-As 

h^u^jm±(D7-^i&m\t':^^X'7p^\z^^r 
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me] {ZTjkto 
ims] t 

N3 \z:^n^m'^mnxh^jt^Lxzf^x-^^m^Lx 

i^m±<DmrB^^m^\tmm,vxA\r^. ^n^oh. mm 

^m(Dj^x^^}^. m^^^'t^±x<Di^nm^\z$:^ 20 

^ -So 

ims] is iKmiz^.i.fz^nm^mx<DWLmmt^titm 
[^1] ©S'&fflqE-^-Mi , M2 \tmmiz\tm^m 

^Tz. t!imnm\z^^fj,mm,j^^-)i^^-timm(Dm « 
^^i^bTu^cto ^T^^« :z(orzsbmmmw:<Dn 

[me] (DiuK o:!n)uhu^;i\zm-^'r. -t^teb^j? 

x^^mm<Dm^x.:^^)i:^-\t^^Lx\^^^^mx$> 
tiii2] (ommm^z^i-^x. mm&^\z:i(o^m\zu^ so 



miztrUA^. c<D^o\ztkn^^±\zW±it'rm\^^Wc 

-(oxvx-^izm^x^^tDx. ^izwcmmtthiimmfs. 

4-4 JiTS^ss^^sj^&iir ^ z,tfs.< ^^±nm. 

;^c7;>^ ^mmz\tz.<om'^mm^^Y^r^rz^<Dmm7. 
-f y ^ T&^j^i^^T * ^ . mm -j^\z\tmfi^(o%ti\.i)^ 

(^jiffi c^)^s -5 Sg^n i T m t^^o 
^m\f^rz^(Dx. )t®i^f\^mm:(Dmwi\zmLrzh(Dx^ 

Sec. S.^WEESKV. S.^^lSsS 2 0 Ag«c^ t>cOd^ 
[Ell 3] fc^L;tt>(7)fl. — U 

Lkn ^^¥\\zmm.\.. mm.^i^:k-^'^rz^(Dx^^. 

X. ik!^Mm\tmmm'&i<Dmmzm±r^o u 
m-t^m"^. ^(D:^^f)^:^^m(DEm\z^hm'tt^t 

x\t^f^.mmomiii!>^mn. 0 7C7^>7.M.m(Dmm± 

—^IZ^U-^X^^OX. CClTt^npn, p n p CD 2 
m(0h'^>i^7si$^Qsi . Qs2 ^^^nzmML. 

U3 , U4 T-7;i/^AW ^^l- — :$^C0Qtlj:t?{i^^^!a31L 

Tii-So Qsi tQs2 cojS;^iS]MjE^ra]±^it;5@w 

v^s. Lf)^L. mm\zmmm\zfAm^m^nn\i]^\^^m 
-^it. nti^(DM:^\^mtmmvx. h^>v;^5' iihik 

[Ell 8] ©'bOfi*^0^tz;feV^T^ffl$tX^cgTU^i;? 

[^5)<3S2] x^^m^i^rzh<Dx$)^0x. z:<d:^^ 
omm:^^ y^iz-z^i^^x^Tlzm^lr^, 
[Ell 5) (Dmmm\z:i^\f^x . cKJD^^^tt^iigx-r 
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©a n -f ji. N tis iMcm^g u T >^ c <h 

y^-y (AT) <Dii;^tC#:?T hn-r i?^;l/a7T(0a 

[(Hie] tc^-r<t3{z, m.mM{c<om.^w\z^'o'cmL 

^i:LTffiffi-rSS^<^li31^Si^'rS. VCi , VC 

^{;^s:^ftae>T^n«Miio c<o^mt:^mmzQL 

\B]^<D^T^^^^x^mmmmzmmmn^^i:^^m'^ 
\tmmzBW<DU\^^mm(Dmmtmmmt&^'^mm,Lx 
^< ztxm^x^^. c<o^o\zha^y)i^^)U^ 

mz] \zi^m^n^j:v\zm^ir^>rzisb(om^^^- 



<D^m^tC(D:^^\Z±^^h<DX\tfZ<WM^\zm'^^ 

mt(Dh<D<Dtr-7sMNp^\zm!&mm^[^m^ii:xh^ 

iLX^^t>(DXh^. 

(Dp^m\z»LxhtSM\tmcx^^. cojzoiz-t^t 
10 [1112] (D-^m:^{tm9\^^\-y^>\fi-y>7.m^zx 

i3.^irm<r>^)T ^ >:^s^T(D{siri\z'o\,^Xh^mtU 
K>. ^wc<D^^^m^\z^^^m\^±.ii^R.]L^^m^.f)'^ 

[SI 9] t5:*:^^<7)^^&®II^±^i^^f*3niL.;t-r > 

20 ±, m:'^^m^Mwi^mti7.-( y^tx.x^m-r^m^i 
^mz-D\.^xm.m\.rz. lj&^l, ^^e^o^n^^ic 

<r>m^xn^—u^)V(DV&,^^^mxou. off$o»l 

^>'^r^:M^\zr:>\^^X^XTm.mt^. :^^mx\t9t 
30 mmtM.^(DZfyX'r'i>}d-:^>7.<DM^mz1^m'r^ 

f)^x^^. /'^u-u^)i<Dm^mmx^m^mt}7.^ y 

T.^X'i y^ifymm\zmmx^^::tx. ifojz-pjc:^ 
^uMm^nt}Xh^0mw<Dy^)7>':fu^)V(D/'^u 

-TON, OFFTn«$!lffl^figT$>^;d^e»-r*^, 
[{^2 0] \t 

40 [05] P2 iz^cTzm'^WLmmno 

-mx$>^^^. mmmnvDc \tvc2 xm^^ti^:^^ 

[[112 1] Hi^mS^^Jj^CDg^tBIilgSO-C^lT, 

[nio] t<D^m\t^^Amy-i:t-VDa xMm&m 

[^2 2] <^Ui \tiLT0/'^)U7.^^m'r^rztb<D:n> 
[gllO] Ti^aiL^h'bi^Jrl^^T^SaJTCilTfi^ 
50 [112 2] OX-f u/^>^h^>>?Ai$^QG TSSffi^m 
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[02 3] coMSHir^-r. cn\t]sm^mmRFG(D 
[02 4] \t±m^^^mmitLrzmmmT^^o 

[0 2 4] \Z^\r>X 

[02 1] . 

[02 2] (^lHlK^rtlSL;^c^-;^S PK2i02Sia$ 
mi^iZMmmh^>i^7.^Qc ^ftAL^^c^D-:/:!^^ 

[0 2] (Dm-^t^r^o. s«amfi^<75^£ii.^v^iS^ 

BB t) /JN^S OKjg -5 T^ffJ T ^ i m ^ ^ 7!;^ 

H tt <7) iS il a h ^ > ^ 5i tr iSm :^ ^ X < 
•y ^ T # S ein ^ o:^?iJ t> TiJ^ 0 * -5 <75d^ ^ 

[0 2 4] <Dmni^mm^^m.^\t-(>^-:$ry7.m'^ 
^muv^<DxtjiQ^P2 tMm^t&mmRF Gcoihijt&'T 30 
Pi t(Dm\zmo. saftmfi^$-<>t:-:5^>7.s^ 

ta5£MN(^£li;tf)iS-?P3 lCigSbT'bS<. dO^fig-C 

[02 5] «S^«magRFGO^r-XF^(Z 

[02 4] OM^ftmB^Ji:gg^rtgii:Li?)T:$:^0J(7D 

Sll S P K^tt S P K 2 ti^SIIfj: 0 fU0E1tHli-ro^5^ 

w{zi^m(D\^±^mwx^^h(Dx^^o ^\z7 

[0 2 6] 

.[02] t.nmzmnwLn,m^\%. z.(r>^±^\z. 
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[^ig^y] 

[HSg^il 1 ] 
[»*3S1] . 

[^Jg^gi] 

[0 2] C^L^Co 
[02] (1 

[010] \z7^-i-6^^^^^ts^^m^t 

[01 1] (on>/xw-:$^Ui . 7s^'-':f)V^)V'f' 

[s«3ii] <om±(r>^m^s m^i^mtmtimm^n 

[HM^ 2 ] 
[013] 

[w*3ii ] \zm^< 

[^iS^2] $:^L^«fie0-C^^. 
[013] ti. 

[02] <om^m^\.. U U-cOS^iiiO^iirTHtw^ 
•I'^i/^g^^ti/cU U-pcDBif^iiStiiilc^JB'&tlRl 

[014] \t 
[S*3S1] fzMf^ 
[^ffi^^ja] ^7kT«^0t^^o 
[0 14] 

[^«£^1] (i:PI«cDl&fP$fT-5^^ WS.^'Jlx—^h 
l^1II^OMa^^^^#S/c^6^CNPN. PNPcD2acDh^ 

[jlllfi0i|4] 

m^m2] \zm^<nmm^ 
[018] \z^a^m^m^^r. 

[01 8] «SE3|50U U--, h^>v?X:5^^(0X-r*y^ 
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m2] . 

[013] , 

[0 14] m 

ffjffi u ct -5 r s ^STM^ $ t> o-c^ s . 

[1318] tiJ[^±0«iS$r^-XS PKfCrtSL;^*)© 

[Hffi^JS] 

[is*^3] \zm':s<m:mm^ 

[019] \Z7fiVtz. 

[0 1 9] 20 

[S«^2] ir^b)^*»^o«^s*^-r>br-:$^> 

[ffl*^l] co«^j::«-^. M>^^ttfi6ffil±^»3^-e^ 

^m.^t^^. 30 
[ffi[*^4] \zmt^%mm^ 

[02 4] lCiE-C7:)^fi5c0^^L^o 

[02 4] «SS&m«#^<>tf-i$^>7.S'&^S<fc 

ai.^tl31t^> y-XS PK2 (h^-'l/JH 5. 16T^g 
M'r^-;^. S PK2:fJ>^62Siii^n;^c:y-y;H 7 

fiLTm:^^^P2i }^^m.timm^^\zmmvtzh(o 
[Hisw 7 ] 

[02 5] « 

[02 5] ti:*:%H^OS^SJcmE*±Sgc7)S*?<^iS^& 



[II£S^8] 
[02 6] 

[s*JS6] <^^is«ai^5^"rei^0Ts^. cn« 

[iS*^l] iDm-^tmmiz. Kl6^CHOA:t»S^P 
[0 0 0 7] 

i^m<DScb^] zr'yX'^ji>y^>^\z^\rf^^^^<Dm^ 
nm\t. m:KusLnmmy^-:$^^zmrj<^W)^uh(ox 

rzm.^x. m^-^m\z^(Dumi : ixt^jt:-r^t\^> 

m'^<Di^m^mzmm^^x^z,t\t/s:f)^'Drz. mz. 
t^:k^um.^^m^z.t^^x^rzo mt>z,ti\t^%BM 

[018] \Z7r:l.rzJ:of3intLLrzmffa^m^r^:it 

t)^x^ft:itx^^o z(Dm^u(ommiSiMi,zr:>\,'^X'A\z 

j^cD^xmY^-t^o 

iBS^ic. is!3S««, ^:»m*, M?^mo5t. smmm, 
m\z\tmmmzum%x^^. t^^fj^u^m^^mm^ 

n^xs^jt^x^^. 

rna^x^^. 

To 

(^) W\rzum^mn^i:^sti.u\^^. 

^y.±{Z:$.^BM<Dm^ait<D-mt'^(D?^M^7r:Vrz^^. 2*: 
^ (^Sffi & /^c o T COaim tlH ^ ^ ^ o T ^ C7) 

B:kumm&^^Mmm\z)t^-rti{t. ^^BM<Dmm\zm 

x-i^mtji^mj:tmo>m'^nm\z^^?^:^^±^w^B 
mmz. ^i^wd, .^^tcn^wic. mmLx. 

m^^x. mm\z. f}^^^^f^m^^n^i$^.^^t^'r 
tw. mmx^^cox^^i^^^. ^nm(D^^\t. cn\z 

g e <D « ;^ V > Ir ^ T ii S T 75: 5 ^ . 



(1 

19 

[0 0 0 8] 

immcommumm] 

im 1 ] -y^x-^jLy^^^iom^mm^mm 
m2] 

immmi] ^TFi-rm^m 
m 

[(3 13] 

[^ffi^j2] ^TT^rm^m 20 
[lai 4] 

[*M0«3] ^TT^rmmm 

[ia 1 5] 

[M3l^:S2] {cHT'SIgSia 
[13 1 6] 

[0 17] 

[||3R«2] J::H'r^«lfiJcia 
[018] 

[^ffi^J4] $:^-r«ldc0 30 
[0 1 9] 

[020] Si'^WLn.mn(DKM'i&^^^mmm 

[021] S^itJ(mfi^o<^tijiEigS^^TlHjg§0 

[0 2 2] y^>^/'^J[^7.(Dm^m^^7jk-t^^ 

m 

[02 3] 
[02 4] 
[0 2 5] 

[fS*3S5] fcK-r-sffififc0 

[02 6] 

[fS^^e] trK-rsffi^0 

1 : 2 : mm3\a\f^ 3 : 4 : 
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20 

^Jt-^Ts 5 : 

6 : St 7 : y^X^ 8 : »J!lDXife 9 : TSP«;^ 
1 0 : 

i2 :m^'s is .mm 14 : 

COMP : 3>e:x-37 RFG:S5MI»miK MN : 

Ml . M2 : ^ — 3^— VC 1 , VC 2 : y\''J ZF> L 
s rit^iZF-fjl/ Cp :m^}^>y'>^ SPKr^r — 
X Z c : :/^X^-r >t:-:$^>X ZnrS^SSai 
>tf-r5^>X Zm : ll'&gSA:^<> e-y >X 

z g : is^smaidj*-r >bf-:$^>x vp itkmm 

Sw:S,t^ CHL : 5^3 — i^n-r Jl. Vdc :^^X 
'^(Om.^M&^B Pa. P b : ^jE^l&/t;U>^(0^ft 
l^m.^ t a . t b : S?l!iS^di.'S<^^rB^&5ffig 
Vq : t a. t h^mm\Zi^^rirzX-( y^>C^/^JU7. 

p* : ^%m^mm\^f^^<owL%nm.Wim tT> -.mm 

tv : T^^Xvoyg^SaPaT ta. t4 : S«iS:S(0^ 
t 1 . t 2 . t 3 , t 4 : SffirftSO^HM^^fi:®^ 

^fis?^ t s : 'f'7X'^f3^^^^m\zti^mf^m^m 

Vp" : 

[»*3S7] frWT^SSajEjS?^ 

tNi . tN2 . tN3 : ^t^SJESJ^ S : ftm^S 
Mfa ASn : S ^ n {Itc^fiJ L;^c«^£?5^/jN®fi 

d inmmmm AZn : st/hy^x-^aiiKDy^x 
•7>f>tr-^>x zc : tts«ffi)&^e»^fcy^x^-i' 

>tr-:$^>X Ui :zi>/'?^-:$' U2 
>^;l/V;i.^AW >^U-^ Qs : h'^yi^T.^T.^ 

Vg : S5^lft«®0£13:^mjE Us , U4 : :3>A^ 
— ^ Qsi , Qs2 : h'yyi^T.^X^y^ T: h 

□<y;i.3 7 N : iiat®j5^#^ <^:um.mmmmz 

^^m% u: ha-fy)U:37a:>mmm Nf :Mmm 

L : Mm^:2^ )l.(DB^^ >yc^^ >7 H : JS-ffcO^ 

Ql : ii5^Sfcll-r;i/<^)^:t'J5^-< :77^^ K : X-f 
^ Qg : X-f y^>^K^>v?X:5' PB 
SPK2:^-7. SPK3:^r-;^ 
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[019] 

[018] 
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[^ttJB] ¥^13^3^9B (2 0 0 1. 3. 9) 

i^mmjE 1 } 



-y>:^^^M^^L. m^<Dm'^^m-fymm\z:^m'^^t^ 

^ft®:^^®^^^ -yf^iiLTfiefflL, mt^m-^tkMCDm 

Wif)^mt^mzy--^timizmT-r^mmmm^y.m\z. m 
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/j^^^>uTfT^. WL^mzmm^m\zm^ho^yjua 

"f-izntrntsit^t. m^mm\B^m^m(o:k^f3i<>\f'- 
y>:^^it\z^'z>xm'^ikmf)^^m'^<t'^n^^\^^m 
mLx. ha'i^ji.:n7(Dmmmmmm<Dmi^\zj:':>x 
-f > \:f-y>:;^m^&m^mmmzmM}^p^^ -j^it l 

=s'\z\hm.'t^n)V7.^^K.^wi^m'^'&mm^^±mn 

-r^<h. m^mmmm\z^m'&^\:.'^ti^Mm\zm':^ 

-i >\^-y>7.m^m^^mmmzWimr&mt}um 
:^-( y^tLxmmL. m^m^^nmcommi^^mmmz 
7-::;t^m\zmTt^mmmmi^:im\zm$^7.'i y^>^ 
j^jvTsO^^-i s >^\zt&\:^rz.n^mm7^^ ^^(oi^m 
X. -mmz^mnij^w±'^{tnm'^it. y^XT* 

m^m4] ':r^X'^:Ly^>^\zm\^. -iyM-^y 

^m^'t^^n(^%wi^^^m^^^m'^^^'ct\z^ 
m^Wi%WL%,<omm^mkmz7-o1m.\zw^'^'^ 

^ P# r^l^ig i^ifl y ^ X V e^^-r ^ iS^ ?S tiS :^ m ^ 

7.^^ ^>^xmm^nrzm^7.^ y^\z^K>. asco 



ff^Sit^mz7'-^tkm\zi»f7'r^mrBmmum\z^m& 
ihtimti^-mmzi^±. mt^m^'^x^^<Dm'^m 

^x-7tt3(7)s«&m3ii^^^m^iig^L> cco/i^ux 

xmm ^n^vy>i^7.^x^ y ^xiRm&nm^w^^ 
r^&M(Dnm^mnm^%mt&'r^^h\z^r). -mm 

i^nn.(ommt^mmmz7-"!7WLm\zi^n'^'^m^mm 
^Am\z'Xvx^\z^t&r^-mm\s,\htimti^-nmzw^ 

jt. ^««S$-it'T>^^Xv4'OS«rife||^*ii;^{b^ 

i: ^ <i: r ^ S^^fem S ill S. 
[0 0 0 1 ] 

mm^oMm^m] ^mmmm^m\t. ic. le 
D, m^. t(om.^m^mw(ommzjj:<m\^^^n^'X 

^ X V X 5^ > { m r S t> CD T ^ s o 
to 0 0 2] 

mi] \z^'t^'D\z. x,v'^>ifis\jz^fioKft:-^c 
H. 'Xyx^^^(Dmm.j^^-)v^^^mxh^'S:m^i&m. 
aiRFG. ^m'&mti^WL^^mx'X^X'^\z^mrr^ 

mm.^^mr^^hxnt^n^. ±W(Di^7.f'i^\t. zi> 

P3 ^igs^L. c©MNOA:^ia^P2 twis^jsmaiR 

'Ik. j^jt^^7.4^^-^ztfxmx^ti^. :i<D^mxm 

m2] \z7sk'r^o{ztot< .^xTsi^-hLtztknmEE 
vp«±T€S5, 9mxnm:^mt&-r^^x±^^m 
5. smx^n-i^m^mi&L. ir^x-^iti^m^ 
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1 , VC2 ^mmL. ^a.-:::>^Sf^^fT3o com 

GooFFip-^ t OFF .^mx'mniyxn<f)U ^mf^ 

[0 0 0 31 

mi} \z7^Lf:i^m^mxnt>n^(Df)^WMxs^^. 

\ty'^j'r-hx^o. ^hxzn^Si'^tkn^^mm\t 
i^^rvhmm-^nx^^^ui^^mikx. mz^an'sm<DP^\z 
m-ox\^^rz<Dx\t. z<Dm(D^^^^^m±x^u\^^(D 
\tm^f)^t^^^z). mzmmtjiCDit. ^0:^±co^^ 
iku^^mt&^^xmzm^uif-fn^t^mLui^^ztx^ 
:3>}:fzL-^\z^^±miAm^t^mm\zmxis;\ibt^ 

\^^^t>\z:^S:&f}^ihmVX^9Lm^^^WftU»ti\im 

mx^ui-^o^xs^^o i^'^'^mt^^^x^nj'^'DXh'rxiz 
^mrifs.(ox^-:>x. ztixjitm^z^^^^comm^m 
m'^tift\zi&ti^U\^'^(OX$>^. :io:>J:'^U9WzUib 

imi] <D^^^m9c^±iznLx^m^^±mti^m^ 
x\^^fs.\^^rzisbx^^. :^^m<DmM\tz,(oj:'^fj.mm^ 
ms^'r^ftib^mwm^^±mm^jSi\z^^. 
mm<DS,'^nm\z^m-r^^A^±^mmmziifmi.j: 

ot-r^z.tx;b^. 

[0 0 0 4] 

•^jiy^>^{z;}i\,^x. T-c^nno^mmt^^n^wc 

'Drznmmm^mmo:>m^t^\z7-!7tkmizm7r^ 
i^fjjr. zfy X'^m0^cD:L^)i.:3fx-$>^mm^t^^^mti 
^m^bxmmBmm^ifmmitLisbx. mni^m^mz 



^^±^m±r^sm(Dm^{zm'r^h<Dx$>^. ccd 
E^^m^SL-r^Tztbco^^K^mm^trnm^mztyrz 
0. mmmmxitui^K si^ox. :^mmmxit. 
m<Dm^x$>^m'^mmm^<o^n^^z^^<on&\z'D 

4 - 1 mnnm^&m(o^^ 

4-2 Sc-^WLmmncomthtmm 

4-3 mmmn<Dii^& 

4-4 ^m^mt}co7s^ y^>^ 

4-5 nnmizm-t^^f^ 

4-6 -/^CD«fiS: 
U±(Dm^^^\Z-DUX'A<D 

iHFm] (Drnxm^Aum-r^. 

[0 0 0 51 

[f^ffil 4-1 

^ti. zfyX-rtScnrnx^t^co^o^^fSiiEn^n-n 

nmmxnt>n^. ^mm(Dmmmmitw:^\^ii±^ < 
T, y-'^nm^^u^tmiL^mmiftm^mzm^ 

f3im^mm^S:itf^::L\zti,^. ^ift, 

ux^-DXh. nmnEE^<Dm<D^^^Xs ^(d^^-^iz 
mst(Dm^±c^(Dx\ wim<DU^±. :^mmmx\ti 
m<o7-^nnx':/yX'^f^i^^^-m&i\zm^'r^mm 
(o^^^:kmm<Dh(D\zr::>\,^x. mmr^z.t\zr^. 
z,cxm:M:±. mm<DWiBm&^mmmmxmvrzm. 

imt7-^WLm\z^\f^x@^Xfi^^<mm\zt^^i^^:ki 

[01] OSJC^CHrt{l*$LiT. y^X*7 7C[)5!^b 

^lEmmx^i^mLrz. ccxT^mm9<D^mms^n 
m(omn^mmi^sn\z^9]i.rzt^x^o mmmmmt: 

[El 3] 0¥M^ll7K-rJ:^H> AS • 6(Dm^(Dmm 

w>^yX'^m^±Tmm5. smomn^tif^t^fT^z^ 
&Lx\^^^t^f3:-\t^. mt>. y^xv<D±#a«As 
n-dxsbo. -fyx-^itnm^z^^ismmo^mi^mm^ 
t^t>. is:\^^\zWif\zmmi^rzm&(D^AL<D:/y x-^^o) 

m-^i^^^^Tz^tib^X^^. :i(0^'^{z%^^t. -X 

yX'^^<D}i(o^9t\zE<i:^^of^WhW^^WLn.^^\:^x 
t). ^s^>^^mxvX'^^(Dn^xwLn.\^x\^^ch\zu 

[04] Ol?{ffiIfiIK{;^*rck'5tCAZnl@0-f >t:'-5^ 



(18) 
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tiA Z75«0:t-AfCifiVU5^;^^<. :i<Dtt®^ffi^c: 

thj^x^^p 8 .•^>©ii6^ffitii5mjE^ I c u^juizmm-f 
-i7CHLtC2 xa-n7.y^ )l^^^m&iL. ItmiSi 

fifc^^MSE^it^o C3 . R3 itm^^^-vmno^^m 

mi] (DFa j^JZ 
JEfi # ^ 7=^ i^' ;b V □ X n — ^ V i TS3$rBl|5^ t 

rzm^m^Wi\zm\^^rz^(Dx^^o rztzL. :Ln\ttti 
'etmiL\^ftf&m^m^±-'::>\z^tis^rzho:>Xs slm 
m^cDmmtf3.\^>o y'-^itt^mmm immn'z^mmm 
EE) vp :h^ummmELVD (Dzmmti.. mm\tMm 

fz. ^o^o\zi.xmm-r^ tm»±\zm<Dm^/vi7. 
±(om&^mf)m^^M^ti^o ^^d*. ti. t2. 
1 3 , 1 4 \z^i^f^/^ji7sWt&mt:&'^&m&mt^u 
•tctft^o tNM , tN2 , tN3 (o&mktitmo 
fzaby-i x^m^m^Lfzo nmmjEv p ittmrn^mEE 
(omcD^^^ ^)i^^^Lrzhco^m\^^x^Ls lEm^ 



D <Dmm\zj:'Dxm^tkmmn^^mr^^^^mmi. 
tz. mm. lEStt^iiMmjEVp . ftgtt^nmEE-v 
p . iSctr/^feHMmavp -p ^oamotr-y 

[112] Tti. t2> t 3 *C43tt^ 3<l<^)/t;i/Xt*. 
^*i<7):^/jN«^^fe(0<C>Vp . Vd ^0 7j^;i/h<^U">c;u 

\zm\>X\^^r^\^^-fi'^. t4 c7)t)<DcD^^^^;^^(Ji-C0 4^>IU 

xt^. 1 4 <7>/t;i/;;^(7)VD fi^o^Jihly^Mzmmi. 
fzct^t. 'y^X'^^i^i)^~mm^Lrz^^i<oKmx^ 
m^. r-^mm\z^'DX'X'^X'^7b^m^^\zmm 
^tirz(ox$>^. 1 1 , 1 2 . 1 3 iz^^^^/^jiT.^ty 

^>::Kt)^7-{7 (Dm'^\Z}t^i.Xm\r'^(OX. ^{^(D-X^ 

X'7'^m^-i•^l^^<omm^^y'fx\^^u\^\ z:<d^. t 

3 (Dmhmm:^^±^<y—:^i^m\zm^^h<o\t. mpiit 

^. t 1 . t 2 CD'bOti. 

^a-tsLmmm\z^fii^tzm&x. sia^^cosnti;^ 
m'Mtscmm^<Dmm^M.x. s^am^i^sio^ij:^^^ 
^(Dmmmmx$>^7-^nm\zif^n-r^^x<Dmm^z 

trji<. \^'^^U07-C7nmizf^^x\.^'^zt\riSt» 
m<^etiTii^c *^B>gcD:3&^Tfi 

mmm^to^^m'AT-c^wcmizmfrLxnK h<Dx 
^^t^ib. z,ti\z\t.^f^Mm^i§:-t^(ox^^. z<om 

im2] \z^\f^Xs &m(Dtkmmmi)^^m^ti^ztx 

t4 (Dm'^(D^z>\z. T^xo7ft)],hu^)u\zwmL^x 

n:^^7-c^WLmizm=f't^^xo:>nm^i&'^^mzmm 

h^z> t-t^^^BMo^^mif-^. t<Dmm^m\z^\^^x^ 

^\zmm^x^^^(Dhn^^^. ]^±<Dmmiz^o. 

'A<D^miz7jktm^t)m^nrz. 

4-2-1 BSk^^±(D/^)U7.tkmE.mm^'»mmm 



2002-176034 



4-2-3 m'^WLnm^<om®<D:k^v^t>(D{^^7- 
4-2-4 m'^mmmn(D'j^mm^^o:^)\^ h <d 

4-2-5 S^ftSfi^CD^IlM;^^ 0 h <D U^JI/ 

4-2-6 4-2-5 ^<OMm«:/^Xva*;&t?^* 
4-2-7 •JE'B^a-nmf)^7'-i?iSLm\Zi^f7r^iZ 

i[^±. m'^&mm^(D^±. 't(Dmih:^m^zj^^i^\z'D 
[SI] o>?4 j^.tLrz:fy^. m\tzti\zm^tn^h<D 

Mm^±mzR^it^^x$>^. 

4-3 MPm^Of^^ 

^i^T^zm^nr^o 

[^5] Tit5?t^5^7&^:^>;; h^tl^CDT. P 7 

im7] 

me] <om^^t>ii:^i^x^m't^. vri t^ctor 

[1171 COPa, Pb,«T^D, CCO^.«;!)tt a. tb 
^ U ^ A ±;&< 0 (TPmJE^a -5 6 , 



<!0^^±"rSBW"C#A$nTl^i^. Ui 3&^hU^-^ 

^<^Q«T<oa3:^sjivQ n t Q (ommfzftfH 

<aoTt>^Si*T^O, ;iz,x 
\t. yi^u^m^xnom^^Wimz'D\^^x)&-<rzi)^. 
itL<Dm'^f^:^^^m\^^xhBi<. ui \t^mwMi 

if^€:S'JcDOP7>>^TiiffiDT=bS< , CKD^^, 
4-4 MmiRmtXDX^ y^>C^ 

-mz^i 0 0Wi^±(^iS^i^m:^c7:)ii5jiA-<>y5^>^ 
it. timmz$^'Mumm^f^'Dh(Dx$>^. ^j^t^^^^g 

mmi±. ^mi^m'F\zp^i^n^m:^\^i±<ojx:^\^mt<D 
tim&am^. ^ >\:^-^>7.m,^\z^^K^<D^mt^ 
m^t^^mmti^\hm\.x\i^^^ se-^Tse^o^sij 
m^ysm. ^wtx\tMw^mti(D-Simy^^ ^^^^(du 
Sis ^mmm.(oti:m\z^t:>'^xmr^r^zt\t^'^mx 

rzo &.T'^(o:^m\z'o\,^xm^^. ^(DWim^t&mtf<owi 
y'^h\.x%m\.^otr^:^mx$>^. zn\trx\z 

^ g M 1 1 ji L T I i -5 CO ^ ^ ffl r -5 O T ^ ^ d> 6 , 

A z n trnm-i > tr-:$^>A tc/cc-s cfc izm^^^^^m 

fig-r^S&fi<^>UT^r^>A*^O4»2e(0U T0 9> 

^ Ji t ^ m ^l^> ct 0 ^ n Ji5 if & m f i ^ T ^ (Z) y 

^zhif^x^f^\^. 'C(o^mo:>^m\z. il^o^i^^^i^i 
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y^<Dmi¥iz\^fi^f3i^f3,\^'^zti!)m^. mt>. m 

FFicffl^L, c<Dm^^\zmm-r^mtiiit. ±r^\z 
\z^mmzm^mm^^m^ikm\ztsii:n\t^\.^z t\z 
i-^is^'^t)'^ft^m^<om\t. t^nrnzm^iD-f^x-^ 

[mn o:>'^=L-->^m^-^-\tmm\z\tmY^x^ 
r> z(omt\mf^mnf3.<m.^\z^m'^^m^^^m 

[|gj9] tC^*r. :itlti. VCi, Ls, VC2. Cp 

wzsirzrji-(>}f-y>xzx ^ifisx< ly^sw 

^ n^^^Of* iD ft J: t> T ^ KiS^ CO ij 7 >;^'& 
^I'it^ttT^^o CC0J;'5tK>tr-i$^>7.Zx 

Oi^ie WSJS&^S^fCci: T ^ y ^ XV cD§&*Mii>^ai^ 

^m^xh^^^. :^ftmx\tmm±oFFmmmibx 

m^^^mf)^$>^(Dx\ ^\zmm±comm\t.ii^>^tLt^ 
^:x±(oj:o^z. ^ >\f-y>7.m'^&m^-mmz 

fz. i:iT(Df^^tLx^m^mBd.r^. *^i^cd 



mmtvxfSiiLLrzh<ox'$>^^ 

(D) ^-7.UNn<Dlhtt1&^P 3 mtP^ .^.(D-AX 

(/N) mmx^ ^mm^mti\t-rx\zm'^i^m<D^^n 
titLx^^^tix\^'^^(Dx±<mMr^ii^^mf)^u\^^o 

itm§i^m\zmm^mxib^. 

ex) HF^om®^ftS:a>«'&. UT^!$^>>^fR^(?5 
C<DMtl1^^fi5l- 1 0-7-^10-5 (H) . 1 0 

-11 ^10-10 iF) mmx^o. ^(Dmf&ft^^\t 

.[1^6) O h^>v;:^^;^< »;;^Qs <^)^|afl|JEVQ 

y^co^'^m^mmmnx^o. ^^cnT&MN^v^i^^ 

V^o Z(Df^, 

mi] \z^\^^x7-c^wcm^zu^\tT<D 1 4 (DSi^tSL 
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(54) AUTOMATIC DEVICE FOR PREVENTING ABNORMAL DISCHARGE IN PLASMA ETCHING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To autonriatically prevent a semiconductor product from being 
damaged by abnormal discharge that occurs in a plasma etching process at the time of 
manufacturing the product. 

SOLUTION: In order to prevent plasma etching which is to be performed while stable and 
normal glow discharge Is made from its nature from growing to arc discharge due to abnormal 
discharge caused by unstable discharge in a partial area, the precursory signal of the abnormal 
discharge is detected and the thermal damage to the semiconductor product by the arc 
discharge is inhibited by temporarily interrupting or reducing high-frequency power in an early 
stage. In order to realize this means, a technique for temporarily diverting an impedance 
matching device which is indispensable to plasma formation to a high-frequency power control 
switch is developed and, in addition, an auxiliary control switch mechanism using a toroidal core 
is combined with the high-frequency control switch for making the control switch contactless. 
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* NOTICES * 

jpO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computerrSo the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

rClaimfs)] . , . , - 

rClaim 11 In plasma etching, the pulse-Uke voltage variation which appears on an mipedance matching 
equipment output terminal While recognizing it as the abnormaUty discharge phenomenon generatmg 
signal in the plasma, detecting the fluctuation initiation initial value of this pulse-hke electrical potential 
difference and creating the switching pulse on the basis of that time location, with the auxihary control 
switch foraied independently On an impedance matching equipment output termmal line, by inserting 
the external impedance of arbitration in juxtaposition temporarily By the pnnciple by which the 
synthetic impedance of a matching circuit changes suddenly and a current adjustinent condition is 
mismatching-ized in an instant In actiiation of the auxiliary conti-ol switch according to the tumng of 
said switching pulse before the time amount progress in which impedance matching equipment is used 
as a high-frequency power conti-ol switch equivalent, and the gestalt of said abnormaUty discharge 
finally shifts to arc discharge The abnormality discharge automatic arrester of the method which is made 
to disappear or decrease the influence of the plasma temporarily, and prevents increase-ization of an 
abnormality discharge phenomenon. .. , ^ , ■ ^ ^ 

[Claim 2] So that the magnetic flux generated in each may not mterlink about a high-frequency powCT 
conti-ol switch Wind a high frequency coil and a direct-current exiting coil around a toroidal core, and if 
it increases and goes, the direct current of a direct-current exiting coil Self-mductance L of a high 
frequency coil decreases and goes with decline in the permeability mu of a toroidal core. If a senes 
resonant circuit is formed by this L and Capacitor C and this is made to add to the reactive element of 
the arbitration of the reactance network which constitiites an impedance matching cu-cmt while using the 
property of the toroidal core proper which fmally reaches a satiiration phase The high-frequency power 
conti-ol switch which contactless-switch-ized impedance matching equipment equivalent by control of 
the direct-current exciting current of a toroidal core using the property that an adjustinent condition is 
mismatching-ized with a big impedance change pecuUar to a series resonant cu-cuit. 
[Claim 3] The pulse-like voltage variation which appears in an impedance matching eqmpment output 
tenninal is recognized to be an abnormality discharge phenomenon generating signal about the 
impedance matching equipment used for plasma etching. If the external impedance of arbitiation is 
added to the reactive element of two or more arbitiation which constitiites an impedance matchmg 
circuit while detecting the initial value of that pulse-hke voltage variation and creating the switching 
pulse on the basis of this time location A matching circuit uses an impedance matching circuit as a high- 
frequency power contiol switch equivalent based on the principle mismatching-ized in an mstant. In an 
operation of the auxiliary contiol switch according to the timing of said switching pulse, before the time 
amount progress in which the gestalt of said abnormahty discharge finally shifts to arc discharge 
Impedance matching equipment which carried out tiie interior of the abnormality discharge automatic 
prevention fiinction of the method which is made to stop or decrease ti-ansnussion power temporarily, 
and prevents abnormality discharge phenomenon increase-ization in the plasma. 
[Claim 4] The pulse-like voltage variation reflected from an impedance matching equipment mput 
terminal is recognized to be an abnormality discharge phenomenon generating signal m the plasma 
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about plasma etching. While detecting the initial value of this pulse-Uke voltage vanation and creating 
the switching pulse on the basis of this time location, with the transistor switch controlled by this pulse 
By short-circuiting the RF signal circuit of the arbitration which constitutes an RF generator The 
abnormality discharge automatic arrester of the method which the high frequency output power supplied 
to the plasma before the time amount progress in which the gestalt of said abnormahty discharge finally 
shifts to arc discharge is temporarily stopped or decreased using the means to which high frequency 
output power is made to SAvitch, and prevents increase-ization of an abnormality discharge phenomenon. 

[Claim 5] The pulse-like voltage variation which appears in the output terminal is recognized to be an 
abnormality discharge phenomenon generating signal resulting from the load plasma reflected from the 
impedance matching equipment input terminal about the RF generator used for plasma etching. While 
detecting that pulse-like voltage variation initial value and creating the switching pulse on the basis of 
this time location, with the electronic switch confroUed by this pulse timing RF generator eqmpment 
which carried out the interior of the abnormality discharge automatic prevention fimction of the method 
which switches the high frequency signal circuit of arbitration, is made to suspend or decrease high 
frequency output power temporarily before the time amount progress in which the gestalt of said 
abnormality discharge finally shifts to arc discharge, and prevents abnormality discharge phenomenon 
increase-ization of a load. 

[Claim 6] In plasma etching, the pulse-like voltage variation which appears in an mipedance matching 
equipment output terminal is recognized to be an abnormality discharge phenomenon generating signal 
in the plasma. While detecting this pulse-like voltage variation initiation initial value and creating the 
switching pulse on the basis of that time location By short-circuiting the RF signal circuit of the 
arbitration which constitutes an RF generator Smm a transistor switch controlled by this pulse The 
abnormality discharge automatic arrester of the method which is made to suspend or decrease 
temporarily the high frequency output power supplied to the plasma before the time amount progress in 
which the gestalt of said abnormality discharge finally shifts to arc discharge using the means to which 
high frequency output power is made to switch, and prevents abnormality discharge phenomenon 
increase-ization in the plasma. . . 

[Claim 7] About plasma etching, in order to prevent abnormality discharge phenomenon mcrease-ization 
in the plasma In case the main point of fliis invention of doubling timing with the initial value of 
abnormality discharge generating, making the influence of the plasma disappearing or decreasmg, and 
preventing the damage by abnormality discharge generating is carried out, in order to make re-discharge 
after plasma hits easy. The abnormality discharge automatic arrester characterized by generating 
continuously the feeble discharge which the plasma was not vanished completely and adjusted 
experimentally. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] The field of the invention of this invention is related with plasma etching widely 

used for manufacture of IC, LED, liquid crystal, and other various semi-conductors. 

[0002] 

[Description of the Prior Art] The former and plasma etching are [Drawing 1] . It is alike, and it is 
carried out by the system which uses three kinds of equipments fundamentally [ the IMBI wardrobe 
adjustment equipment MN for transmitting RF generator RFG which is the reaction chamber CH and the 
electrical energy source of supply of plasma generating which perform etching processing, and high- 
frequency power to the plasma with maximum efficiency ] so that it may be shown. The whole system is 
managed by Computer COMP and efficient production by fuU-automatic-izing is performed. It is 
[Drawing 1] about actuation of the equipment relevant to this invention. It explains briefly ******** 
and the following. The output terminal P3 of impedance matching equipment MN is connected to the 
input terminal P4 of a reaction chamber CH, and the output terminal PI of RF generator RFG is 
connected to this input terminal P2 of MN with a coaxial cable 1. Workpiece 8 is placed on the lower 
discharge electrode 9 in a reaction chamber CH, and after carrying out evacuation to an exhaust pipe by 
the cock 1 1 after sealing a tub 3 by the airtight door 6, reactant gas 4 is enclosed by the constant 
pressure. It is [Drawing 5] when an RF generator is turned on in this condition. It is alike, and the 
discharge voltage VP started at the tON point continues a rise until discharge begins between the vertical 
electrode 5 and 9, glow discharge is started between 5 and 9 so that it may be shown, and VP falls to the 
fixed level EP at the same time the plasma 7 is formed. The maximum of VP at this time is EPK. If 
fixed discharge begins, impedance matching equipment MN will adjust variable condensers VCl and 
VC2 by the motors Ml and M2 driven in the motor control circuit MCC which reacts with the output of 
the reflected wave detector RFD built in MN, and will perform tuning actuation so that formed output- 
impedance Zn of the impedance Zc of the plasma and IMBI wardrobe adjustment equipment may have 
consistency. For discharge voltage, it is unstable, fluctuation is large and the period when this actuation 
is performed is [Drawing 5] about the ending point of this starting period. ** tS showed. This impedance 
matching actuation is a property peculiar to a RF circuit, if adjustment cannot be taken, it will be 
reflected at the point having consistency, high-frequency power will not be enough transmitted to the 
plasma of a load, and generating of the plasma will become impossible depending on the case. 
Therefore, adjustment equipment is equipment with an indispensable plasma formation top. Henceforth, 
detailed explanation is omitted although plasma etching advances and goes to OFF, i.e., the tOFF point, 
of RF generator RFG. 
[0003] 

[Problem(s) to be Solved by the Invention] Regardless of the class of workpiece, plasma etching is 
[Drawing 1] . It is alike and, usually is carried out by the shown equipment sequence. The biggest 
problem at the time of processing it by such system is sudden generating of local arc discharge, and is 
that some workpieces receive **-destruction and defectives occur frequently. Naturally these 
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workpieces have many which have the ultimate fine structure, and that manufacture condition is 
delicate, furthermore these abnormality discharge developmental mechanics is the present condition 
which is not necessarily solved, and it can be said in having depended only on quality control that it is 
clear that defect generating of this kind cannot be prevented. It being especially a problem is not 
becoming clear, if the damage simation of defect generating does not result in the final-inspection 
process. It cannot check, if it does not wait for the final inspection even if a defective accumulate, 
before the production increase in efficiency by the computer backfires and knows. No, even if it 
understands by the final inspection, it is aheady too late and, now, otherwise, the fact of defect 
generating is not only checked. The reason which cannot but become such a situation is [Drawing 1] . It 
is because the ** system is not equipped with automatic suppression capacity to the occurrence of 
accident. The technical problem of this invention is controlling positively defect generating which gives 
an automatic avoid-accident function to a system in order to solve such a problem, and originates in 
abnormality discharge of arc discharge etc. 
[0004] 

[The means for solving invention] the summary of this invention detect the abnormalities discharge 
signal on the discharge electrode believe to be **** of arc discharge in plasma etching , and before the 
discharge gestalt leading to this signal shift to arc discharge with transition of time amount , in it , it be 
relate to the configuration of the equipment which prevent defect generating resulting fi-om local arc 
discharge , without short time - intercept , or make the RF supply voltage which be the energy , of plasma 
formation decrease extremely , and affect the processing itself . Many technical problems for attaining 
this purpose are complex and wide-ranging, and solution is not easy. Therefore, on these specifications, 
it verifies about the essence of the abnormality discharge signal which is the basis of this invention, and 
its judgment, and it is thought appropriate to carry out the sequential detailed explanation of the solution 
means about the following six items each one subsequently, and to go. 

It is following [Function] about the solution means beyond the configuration of the examination 4-6 
control switch about switching 4-5 re-discharge of four to creation 4 high-firequency power of four to 
detection [ of the abnormality discharge signal in generation 4-2 of the abnormality discharge wave in 4- 
1 ], and distinction 3 control signal. It explains in full detail serially by ****. 
[0005] 

[Fimction] According to the generation discharge theory of the abnormality discharge wave in 4-1, 
generally a discharge phenomenon is divided roughly into each gestalt of corona, normal glow, and 
abnormality glow, a spark, and an arc, and a plasma electron discharge method is performed in the stable 
normal-glow-discharge field in it. Like the latter, it concentrates locally greatly and the current density 
of each gestalt becomes unstable [ maintenance of a discharge condition ]. Therefore, when arc 
discharge is produced, the ingredient under processing will receive serious thermal destruction locally. 
Of course, since the difference of extent is produced in the magnitude on condition that discharge 
voltage and others even if it says at arc discharge and a mouthful, on these specifications, it will explain 
on account of explanation about the comparatively large-scale thing of extent to which the plasma itself 
disappears temporarily by one arc discharge, the amount which **(ed) applied voltage of an electrode by 
the electrode current for convenience here, i.e., the plasma, - an impedance ~ if an amount is defined, 
this value is so large that it becomes the former very small in arc discharge. 

[Drawing 81 ** ~ [Drawing 11 It is the enlarged drawing of the part which has generated the plasma 7 in 

However, the up electrode 5 was omitted with the fix)nt view here. I think that the gross 
area S of the lower electrode 9 was divided into n minute area deltaSn here. In d, then the plasma, it is 
[Drawing 81 about inter-electrode distance. As shown in ********, it can be considered that the plasma 
object with the detailed volume of deltaS-d exists in the vertical electrode 5, the line of electric force 
between nine, and parallel, namely, the whole plasma product ~ deltaSn-d - it is ~ the plasma ~ a 
confi-ontation ~ the conductor of minute area ~ it can have an electrode and the aggregate of the 
coxmtless independent plasma column which aligned in parallel mutually can be regarded. Thus, if it 
thinks, no matter what discharge [ minute local ] it may produce into which part within the plasma, it 
will surely discharge inside a detailed plasma column, and it can be said that the prehension is possible. 
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This phenomenon caused abnormality discharge signal generation. deltaZ, then the plasma impedance 
Zc of the whole plasma are [Drawing 91 about the impedance.of a detailed plasma column in every 
[ now and / this ] piece. As shown in **♦****♦♦♦, it becomes the juxtaposition composition value of the 
impedance of deltaZn individual, here ~ its attention should be paid - it is the semantics which the 
language of juxtaposition shows and is tiiat there is the description by which the whole value will be 
governed with the value of the one component in the case of parallel connection. When extreme, if one 
deltaZ of a certain part is 0 ohm, no matter other remammg deltaZ may be what values, the juxtaposition 
composition impedance is 0 ohm. It is so large that this inclination has deltaZ close to 0 ohm, and 
discharge with a low impedance like arc discharge and other discharge gestalten with this comparatively 
high can be extremely distinguished by using this property. 

It is prawing 101 about detection of the abnormality discharge signal in 4-2, and the example of the 
electrical-potential-difference detector of distinction this invention. It is alike and is shown. A 
resistance-type potential divider is constituted from Rl and R2, and the pressure of the P8 point high 
frequency high voltage which is a detecting point is lowered on IC level. Since Rl usually uses high 
resistance of 1 M omega or more, it is unrelated to the condition of the plasma. CI is the speed up 
capacitor of the minute capacity for detecting a pulse-like electrical potential difference, and does not 
affect actuation of the adjustment machine CH. A low pass filter is constituted from high frequency 
chokes CHL and C2, and a high frequency component is attenuated. While C3 and R3 pass only a part 
for a rapid change of a signal in a differential circuit, there is the description which does not affect it at 
all in basic actuation of systems, such as terminal point detection of an activity, from insensible ****** 
at fluctuation of a loose voltage level. 

Prawing 51 **, [Drawing 1] It is [Drawing 101 to ** P4 pomt. ******** input P8 point is connected 
and the example which carried out long duration record of the voltage signal of a partial pressure points 
using the digital oscilloscope is drawn typically. However, this is what sxmimarized the independent 
wave to one for convenience, respectively, and there is no relation between waves. Data were made into 
two kinds, discharge voltage (straight polarity cusp value electrical potential difference) VP and direct 
current voltage VD, and the period was performed over tOFF at the time of tON and a halt at the time of 
RF power application. Thus, observation sometimes discovers the voltage variation on a pulse with 
narrow width efface on a curve. Suppose in this that it is considered that the pulse-Uke wave in tl, t2, 
t3, and t4 is an abnoraiality discharge wave. The wave of tNl, tN2, and tN3 illustrated the noise wave 
for the comparison. Discharge voltage VP is expressed using what detected the forward half cycle of 
high-frequency voltage, and is equivalent to the envelope of a straight polarity cusp value wave. On the 
other hand, VD is direct current voltage generated at the same point as VP. Generally, although there is 
no room for direct current voUage to occiu* since high-frequency voltage is the sine wave of the 
positive/negative symmetry, as for the case of high frequency discharge, induction of the negative polar 
direct current voltage is usually surely carried out to a discharge electrode. This reason originates mainly 
in the pure physical property and fimdamental properties of a plasma constituent, such as a distribution 
condition of ion, and a difference of mass of electrons, the size of mobility, the electric nonlinearity of 
the plasma and inter-electrode space charge, and relative harmonic content. Therefore, the value of VD 
may say that the value which collected the result of the discharge condition of the plasma in the time is 
shown. If 0 volt of VD(s) becomes, the plasma will have disappeared, and if an electrical potential 
difference is detected somewhat, it is shown that the weak plasma remains. This invention adopted a 
means by which observation of direct current voltage VD detected an abnormality discharge signal, 
paying attention to this singularity. Of coxirse, since the straight polarity cusp value electrical potential 
difference VP, negative polarity cusp electrical-potential-difference- VP, and cusp value electrical- 
potential-difference VP-P are also changed to coincidence by fluctuation of the discharge impedance, 
they can use this etc. for the purpose of abnormality discharge signal detection. 

[Drawing 51 By coming out, three pulses in tl, t2, and t3 imderstand that only the thing of t4 has reached 
0 volt with maximum amplitude for the size of the amplitude, although VP of a certain thing and VD 
have not reached the level of 0 volt. In this case, it can judge as follows. It is the proof of the plasma 
itself having disappeared for a moment that VD of the pulse of t4 reached 0-volt level. That is, the 
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plasma connected too hastily locally by arc discharge. As for the pulse in tl , t2, and t3, the plasma is 
considered that the field carried out local discharge in part by discharge gestalten other than an arc. In 
this case, since it is high as compared with the case where a discharge impedance is an arc, it has not 
been influenced of [ to the extent that the whole plasma disappears ]. In this, most, the thing near arc 
discharge of t3 which has the large ampUtude is spark discharge, and is judged a little to be a thing 
accompanied by risk on quality. Fear of a poor product is presumed to be what is not with extent in 
which a part of plasma of the thing of tl and t2 probably shifted to the abnormal-glow-discharge field. 
According to this detection approach, the amplitude of an abnormaUty discharge signal is seen in this 
way, and there is an advantage to which the near aim of an abnoraiaUty discharge condition is given. 
Next, I will consider time amoimt until glow discharge shifts to the arc discharge which is the last gestalt 
of a discharge phenomenon. Generally in the case of the very large impulse voltage of initial energy like 
a thunder wave, becoming arc discharge suddenly is known well conventionally, without taking other 
discharge gestalten. In such a case, it is clear that it cannot respond at all by the method of this 
invention. However, since it shifts to arc discharge and goes arc discharge one by one, some of those 
fields changing to small-scale abnormality discharge by a certain destabilizing factor, and taking various 
discharge gestalten at this time as the abnormality discharge by plasma etching performs processing like 
the above-mentioned using quiet and stable glow discharge with small energy, naturally this takes time 
amount. This reason is [Drawdng 51 . It can prove by it being ahke, setting and various kinds of 
discharge gestalten being detected. Because, it will be [Drav^ng 5] if it is difficult [ time ] in arc 
discharge to result. It is because the abnormality discharge signal on all VD(s) come out of and detected 
should have reached 0-volt level altogether like [ in t4 ]. Thus, if it thinks, the summary of this invention 
which is going to utilize effectively time amount progress until abnormaUty discharge shifts to arc 
discharge can be said to be a thing practical enough in the applicability. The conclusion shown in each 
following item was obtained by the above consideration. 

4-2-1 Generating of abnormality discharge is detectable by monitoring the pulse-like voltage variation 
on the transmission line continuously. 

4-2-2 Abnormality discharge feeble [ how ] is also detectable in the form of pulse-like vohage variation. 
4-2-3 It is a discharge gestalt with what [ nearer to arc discharge ] has tiie larger amplitude of an 
abnormality discharge signal. 

4-2-4 That to which the cusp value of an abnormality discharge signal has not reached the level of 0 volt 
is the discharge gestalt before reaching arc discharge, and the probability of a product used as an 
excellent article is high. 

4-2-5 That fi-om which the cusp value of an abnormaUty discharge signal was set to the level of 0 volt is 
the proof which produced arc discharge locally, and most products become a defect. 
4-2-6 The result of 4-2-5 term means that the plasma itself disappeared. 4-2-7 In order for normal glow 
discharge to shift to arc discharge, require appropriate time amount. 

As mentioned above, it verified about generating of an abnormality discharge signal, its detection 
approach, and a judgment. Here, it is [Drawing 11 about the detecting point of an abnormality discharge 
signal. Although considered as the ** P4 point, in fact, it is not limited to this, and if it becomes on a RF 
transfer-of-power track, PI, P2 point, etc. are detectable anywhere similarly. It is because sudden change 
of the plasma impedance by abnormality discharge serves as an electrical-potential-difference reflected 
wave and the whole transmission line is reached. 

With the abnormal- voltage signal with which it was supplemented based on creation, next above- 
mentioned verification of 4-3 control signal, since it is necessary to create the control pulse for 
switching high-fi-equency power, this typical circuit and actuation are explained below. 
[Drawing 10] The output P9 of a ****** circuit is connected to a PIO point comparator input. In this 
case, pravying 101 Since a dc component is cut by ** C3, the level shift of the negative signal of P7 
point VD is carried out to touch-down level, and an abnormal- voltage signal is changed into the 
electrical-potential-difference pulse which starts VD fi-om 0 volt. 

[Dravying 3] ** - [Dravsdng 5] The time-axis of ** t2 and the t4 neighborhood is expanded partially. 
Pravying 3] pravying 101 above-mentioned [ the abnormality discharge signal on a ** VD curve ] 
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rorawine 1 11 It detects by ****************. If reference voltage is set as ES by VRl, the moment 
Ae comparator P9 point input voltage of Ul reached ES. the output ofUl will start froin a negative 
polarity field more than a straight polarity threshold, this point - [ - [Drawmg 3] ** and this time are ta 
and tb at ** Pa and Pb point. By this standup pulse, the trigger of the generator termmal input of the 
monostable multivibrator U2 combined for the output and diode Dl of Ul is earned out. Smce a 
generator terminal input has the property which starts on the contrary and cannot carry out a tngger by 
L pulse, the plasma does not produce the derangement on actuation firom msensible **** after 
disappearance or attenuation for a moment in the voltage variation of the standup produced at ttie 
moment of recovering. Here, diode Ul is inserted in order to forbid the mput voltage of monostable 
multivibrator from becoming negative. It is [Drawing 4] when the trigger of Ul is earned out. It is alike, 
and the output voltage VQ of Q tenninal of a mono-table multivibrator mamtams H level only for the 
time amount of tO so that it may be shown. Considering the rate of a supplement of an abnonnality 
discharge signal etc., although it can be set as arbitration by VRt. since tQ perfonns actuation whose 
plasma disappears or decreases only the period of tQ. even if it takes this not much greatly, it is 
meaningless and cannot say it as a best poUcy. Here, although the fundamental actuation performed m 
an analog circuit was described, other suitable approaches may be used, and even if Ul uses a piece 
voltage regulator, it does not interfere. When there is the need of detectmg very low mmute discharge of 
signal level, since the signal included in a comparator Ul may be ampUfied by another op amphfier and 
the strictness on a property is not required in this case, it is technically easy. 
High-speed switching of the high-fi^uency power beyond number lOOW follows extraordmary 
difficulty technically on general switching of 4-4 high-frequency power. For example, m the case of an 
owner contact switch, in the case of a contactless switch, although improvement m the speed will 
probably be possible, examination of the contact quaUty of the material accompanying reflection of toe 
power by sudden change of the withstand voltage between contacts, and a transmission unpedance, the 
time lag of actuation by enlargement, and increase of a current etc. **, such as reduction-izmg of 
reflection by technical solution of bidirection-izing of lack of a limit of usable upper linuted frequency, 
withstand voltage, and current capacity, the dependability of a semiconductor device, and the one-way 
natiire seen by the semiconductor device and impedance sudden change, and the difficult probleni which 
should be solved have accumulated. Therefore, with the conventional commonsense approach and a 
means it must be declared that it is impossible to manufactiire the high-speed switch of high-frequency 
power 'each time according to the specification of the equipment concerned. However, this invention 
requires solution of tiie high-speed switching technique of this high-frequency power considenng that 
main point It was based on this situation and the technique in which technical **** [ more than ] could 
be overcome was developed as a result of research. The approach is described below. If the approach of 
high-speed switching of this high-frequency power is summarized, it will be the approach of using 
seemingly impedance matching equipment indispensable to plasma fonnation as a switch of a piece. 
Since this uses what aheady confonns to the equipment concerned, new problems, such as a power 
failure are not produced at all. Impedance matching equipment is [Drawing 1] . As shown m MN, 
two reactances are made adjustable in two or more reactive elements which constitiite a matching circuit 
so that output-impedance Zn of adjusfanent equipment MN may become a **** impedance to the mput 
impedance Zc of a reaction chamber CH. When this match condition is fiilfiUed. all the high-frequency 
power tiansmitted from the power source is absorbed by the plasma of a load, reflective power is not 
produced but if it is mismatching, it is reflected with adjusfanent equipment and high-frequency power 
cannot reach a load. The ambiguous field of adjustment exists in the middle of this condition, m ftas 
case 100% although it is not total reflection, some power reflection is seen, and only that part will be m 
the condition that the supply voltage to a load decreases. At the time of a steady state, it is [Drawing 1] 
so that reflective power may decrease most, namely, so that adjusfanent can be taken. **M and M2 
motor perform tuning acfaiation. If the maximum elecfaic power of adjusfanent equipment which can be 
passed cares about the magnifaide of a component and generation of heat to constitiite, there is especially 
no limit on the theory and, generally it is used abundantly at the power source more than KW class. 
Here, when acfaiation of above-mentioned adjusfanent equipment is seen from another side face, it faims 
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out that this is exactly actuation of a switch. That is, an adjustment condition is ON of a switch and tiie 
now Iwch hiS-fr^uency power is suppUed to a load about 100% at this tune, and a nu^natchmg 
Sion^s eqXalem to OFF of a switch, and reaches a load at this time ,s because xUsftto 0 by total 
reflection Therefore, what is necessary is just to make adjustment eqmprnent only change mto a 
SsmatcLg condition compulsorily for erasing the plasma. The value of each component which 
™mtoed^o more reactive elements which constitiite the matching cujuit is [Drawmg 1] even if the 
^a^^SoTwhich part changes transitionally, since it has consistency in the current plasma mipedance 
7? r^cniiarlv The motor for ** tuning cannot operate in an instant, but this change makes a 
S^^maTcht^ c?nSn ilediately without a t£ne lag. Therefore, if only the value accordmg to ext^t 
^ Ae S^t^mismatching changes the reactance of the piece of arbitration tf^^P^^^^X^^^^^^^^^ 
hiXsoell high-frequency power switch as a means of this mvention is reahzable. It is iPr^angJ21 
^bfutTconcrete pScip Jft is aUke and is shown. This is an example of an adjustinentmaclmie switch 
wWch adds the i^ped^ce ZX new to juxtaposition to juxtaposition ^ ^^^^/^^^^l,^^^^^ f 
amone the matching circuits which consist of four reactances, VCl, LS, VC2, and Cp. and cnanges a 
SclcSionTmporarily. Theoretically, an impedance ZX may be added to the reactance of which 

and &e items of ZX can choose the network by Resistance R or ttus conjbmation as aibitration 
fcXg on Capacitor C. Inductor L, and the case. The system which can change and is, m short 
cS^g out c™t adjustoent of the reactance composition value of the component concerned by 
aSn of components, such as this, should just become mismatching. Thus, although an unped^ce 
zif cTbe se^rbroadly experimentally, it is appropriate to usually use Capacitor C mdependentiy. 
GeneSly it is the purpose of stabilization of glow discharge, and is because the electrical potential 
S?^^ce hi the doping characteristic, a matching circuit can expect mfluence reduction of Ae 
plSmT^so^cording to this transitional shunt effect to the load current by this method which mserts C 
SXaT S^j^taposition and there is effectiveness of killing two bu-ds with one s^one. Althou^ tins 
Sfustaent macMne switch has a possibiUty of damaging an RF generator m the big reflected wave 
produced at the time of the mismatching of an OFF condition and it is unsuitable for a genera^^ 
aoDlication since there is the description that OFF-on principle time amount is very short in tl^s 
rSn Especially the limit on use is not needed. As mentioned above, the high-speed high-frequency 
power switch of the type which diverts impedance matching equipment to some oAct Purpose 
temporarily was reaUzable. The description is listed as the fol owmg conclusions^ [Claim 1] of^^^ 
invention [Claim 2] And [Claim 3] It is materialized considenng usmg this switch of ******** as a 

Sme interior of IMBI wardrobe adjustinent equipment does not have the need for reconstiiiction. 
fb) It is conti-oUable by the output terminal P3 besides Case MN, or one P4 point pointy 

(c) Since controllable high-frequency power is akeady determined as rated power of adjustinent 
eauioment, it does not need to mind at all. . ^ » a ^ 

(d) It is independently appUcable to the stiructiire inside adjustment equipment MN. power, and a 

SmeS-fr^uency power of KW class is controllable by the very small impedance component. 
?*) Si Ae c^^f the pSwer line period of HF band. L of a reactive element and the value of C are 10-7 
to 10-5 (H), and 10-1 1 - 10 -10 (F) extent sensibly, and the ti-ansient response is very early, therefore 

S?ectiofof the abnormality discharge signal in (g) and contix,l of high-frequency power can carry out 

Nexf thTeffe^ctiveness at the time of carrying out the hits of the plasma by the above-mentioned 

mrZit 4] ^^^^::Xlh^^^^^ showed the relation of the control voltage VQ and discharge 
Stog^W of the ** transiftor switch QS, and after VQ starts, back VP of the time lag of TD plunges to 
0 volt, and it tiims out that the plasma disappeared. You may say that TD is the unescapable time lag of 
a high-frequency power switch, its one where this is naturally smaller is desirable, and ttie success or 
m^e of lis invention are in this point. At this time, it is [ Drawing 3] . The abnormality discharge of t4 
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whirh must be alike should set and should turn into arc discharge cannot turn into arcdischarge any 
^net DTscSLgT^^ which should be impressed to a discharge electrode is prawmg 4]. It is 

I !^cVc ,nnW Which continues local abnormality discharge will be cut off as a result of 

S ^tSS^ t ptSa^iearance section tV in - t4. Thus, by the -th^d of ttus mv^^^^^ 
^T^LTd^Sed that the arc discharge more than a certain level camiot be existed "J^th^ P^^a. It is 

about the all-inclusive result when applying this invention. It is alike and is shown. 
roSH] mra W 61 Although the wave of VP in t4 and VP' will tend to mix up botii drawmgs at 
^S^iS^ares, the^ contents completely differ. Namely conventional prawmUl to 
W s^ce rdischarge occurred, the plasma disappeared according to the short circmt operation, and it 
is rDrawine61 In ** VP', before becoming arc discharge, the plasma was erased compulsonly. 
M^^Uis IDrawmgJ] like the above-mentioned. It turns out that it responded also by the 
^n^S\y discharge signkl in tl . t2, and t3 which come out and camiot become arc disch^ge 

„?,S?ri!^n^llv oT^e noise signal in agnogenic TN3, and the plasma has disappeared. In adoptmg this 
r^ti^^rop^^do^^^^ 4-arranging at all in essence. Generally, to a plasma-etching 

SqST^^^^^ minutes of processing time, this plasma disappearance tmie amount is about 
0 05 seco?d^^^^^^ and since that time amount ratio is about 2/10.000, the tmie loss on an activity 
mav n^regideTi - a cause - including an unknown noise, to all the abnormality signa s tiiat have 
^doubt tri^c?^^^^^^ answered sees from the main point of this invention, and can f ;t a best 
nolicy F^ermore, if required, amplifying and using an abnormality discharge signal will also be 
considered mentioned above. Probably, this will be effective as a cure against smaU-scale arc 
dSee ofeSent which cannot disappear the plasma, although it is the matter which should be 
d^S expSi^ntally to the last. This invention is because there is little tune loss as tt^ereason 
whSh is not was explain^ above ****** about effect in any way at a plasma-etctung activity. 

e^^^at^^about 4-5 re-discharge - after the plasma next loses - [drawmg 4] The prob^m which 
S^oTeTSasma is considered in a ** tV second. The re-discharge after discharge hits is^r^ 
a If U co^^^ with discharge starting in the initial state shown at tS section there are particulars like 
fdeii Sis it is [Hrawinln to sudden change of the load impedance at the time of a discharge 
haU Don't follow mechanically the motors Ml and M2 for — in an mstant, but maintain the last 
A ^It nnnnTtion as it is A eas system pressure and others be completely eternal. The ion and 
dic'^n wSSd^^ starting be full. Moreover, sufficient electrical energy 

for diXge continuation should hold the last value. * . For this reason ^e-disch^S^^ 

behind hits is performed comparatively easily. In addition, it advances step and is Drawing 7 It is 
^SLei ^out the level of "^-^ VP." ** - you do not drop on 0-volt level like, but make it fall to EB 
SSi^er Although it does not have any longer only the electrical energy which can shift to arc 
Sargffromt^^^ discharge on the level of EB bolt, the electrical energy of feeble glow discharge 
^dSLuaWe extent is in ^e condition currently held. The approach of reahzmg this condition is 
mra^^Tni In a ****** Fig., it can carry out comparatively easily that what is necessary is just to 
^S^t ^ impedance ZX will be in this condition experimentally Thus, smce any trouble camiot 
be fZd and it can return to the plasma of the original power immediately when not suspendmg 
Ssch^iTwi^pletely but making weak discharge continue, especially discharge starting can tell a very 
^ffecSfe mS tX bottom of processing conditions, such as a presentation of difficult reactant gas. 

^llougS high frequency large power switch can turn on all load currents and it can switch off was 
^Swkhout converting adjustiAent equipment in any way by four to configuration 4 term of 4-6 
Ton JoTs" toMhe control'swilch for operating this adjustment equipment practica - -quu-ed^ Smce 
only slight power is consumed by the control switch, current capacity may be small, but the l^gh- 
CuenS voltage of the high voltage is impressed, and since high speed is moreover required, advanced 
l^Hs required technically This configuration may be called important problem m comiection with the 

«^2me SW":^^ boiled and set is what used small power relay, and fits 

Sm^ativily smaU-scale equipment. Generally, rating of one small power relay can obtam the number 
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serial, it connects each exiting coil ^l^"^^ to one case, and contact pressure-proofing 

tTutcrteT^rj^^^^^^ 

U^^ri;^h of-. In the case of a transistor ^^^^^^^^^^^^^^ general control top of a 

polarity of a current appea^ only in one P^ece ^mce 'l^^^^^l^^^^ connected to juxtaposition here, 
reactJce load, two sorts of transistors, npn ^^J^^^^l^t^L^vl and U4 for timing adjustment 
and Q output signal of a -uHivn^i^tor is P^°--^J^^/,:^^^^ order to raise hard flow 

of each base ^^-^-^^.^S^^^^^^s^^^^ is necessary is just to be able to a^uire 

pressure-proofing of QSl Q^^. mentioned bidirection is disregarded and only 

effectiveness regardless of ^^^^f si^TSg^^^ circuit of the high voltage is 

transistor 1 circuit can expect actuation. Anyway smce ^^^^ ^^^^^ be difficult, 

an object, use of the constraint on the specification ^f^^i'^^f 21 Since apatent claim is come 

the new ^--^-^-^^fl^S^^Z^^^ ^xplai^eSnTll deSl below, 
out and carried out ^.e con^ol ^-f^ switch by the variable-inductance 

[nrawing 151 In a ****** F g., this metnoa rea requirement of a configuration to 

^^^^^^^^^•T^ "^^'^n ""iTil l^foriSt^raro^^^ toroidal core T and direct-current 
have not interlmked mutually the coil NF ^^^^^^^^ induction of the electrical 

exiting coil N. Therefore, mAe magnetic flux w^^^ conversely produced in N, 

potential difference to N in the RF "JJge,^^^^^,^?^'^^^ is saturated with the property of 

induced voltage is not produced ^" ^-^^^f^^^^^tm^^^^^^^ toroidal core T decreasing with 
the quality-of-the-matenal proper of T by P^f^f ^^ich will be decided by the number of 

increase of the intensity-of-magnetization H ^P^[^-^;^4{,^ r here, permeability mu will 

turns of I and N if a direct current I - ^/^^ VeTu-cy c^^^ decreL^es in proportion to mu, 

intensity-of-magnetization H. ^nt and usine this variable-inductance element as a 

^..wingJIl The principle m^^^ 

control switch is explained. VCl, yC2, Lb, ^^^^^^ above-mentioned reactive element for 

adjustment machine. Al^ough which ^o^^^^^^ tTnducS^^ L of a toroidal coil and the 

„^g it change a matoh ^^^f I?^^' ^^^^^^^ In this case, the series resonant 

series circuit of Capacitor C m CP ^7"^^P°'X?ef^^^ although this series resonant circuit must bear 
circuit of L and C operates as a control switch. ^' if of series capacitor C is taken 

high-frequency voltage equivalent to a load f/^'^^^^f^^^^^^^^^ consumption will be 

srSl and the serial impedance at the time of detomng ^^^"Jff^^^J!^^^'^^ exciting current I of 
U slight, it will end, and there will ^^^^^P^^f^^^J^,^^^^ 'ie mluctiToTl toroidal coil L will 
the toroidal core T is made ^^^^^^^.^^^^^^ impedance of L and C and 

decrease rapidly to Lmm or its neighborhood ^saresuu oi network adjusted at the 
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current with feeble extent which does not have effect in actuation can be solved by always passing. 
Thus when a toroidal coil is used as a control switch of adjustment equipment, a non-contact, high- 
reUability. a high speed, high pressure-proofing, large frequency characteristics large power capacity. 
QL size, big allowable-overload nature, and the big advantage of long luting ** fre aaquu-ed, and it 
accepts as the optimal thing for the appUcation of the auxiUary switch of this method The term of ttie 
configuration of 4-6 control switch is finished above. A solution means is [Drawmg 2] until now. It w^ 
the method which is alike, dedicates a package of a component for solving in Case SPK so that it may be 
represented, and carries out external [ of this ] to a reaction chamber CH or adjustment equipment MN. 
However even if the means of this invention does not stop at this method and carries out the mtenor ot 
the component into the case MN of adjustment equipment itself theoretically, it can be matenahzed 
rP rawing 11 It is alike and sets, and the resuh of the output terminal is the same even if they move the 
detectingpoint of an abnormality discharge signal, and the control point of a high-frequency poww 
switch to the interior of adjustment equipment MN, since the input terminal P4 of a reaction chamber 
CH and the output terminal P3 of adjustment equipment MN are these potentials. It is ^^n^l2\ 
when it does in this way. The location which adds the external impedance component ZX tor 
izing with Switch SW becomes possible about all of not only the capacitor CP but other reactive 
elements, and has the advantage which can expect the improvement m the engine performance by 
degree-of-freedom increase of a design. The case of SPK new naturally becomes unnecessary and its 
convenience also improves. ... , 

FDrawinelSl An example of the impedance matching equipment which added the abnormality 
discharge prevention fiinction of ******** is shown. Here, unlike the former, the control switch was 
inserted in the node of LS and VC2, and the example which made the control effectiveness improve 
fiirther was shown. In the above, a solution means to use adjustment equipment as a lu^-frequency 
power switch was explained, however, the first rank, such as a pre amplifier curcuit of the RF generator 
which is a generation source of not only the method that switches high-frequency power to techmcal- 
problem solution of this invention in the part where the so-called power level is high as mentioned 
above but power, - it turns out that it is not what is theoretically contradictory m any way even if it 
turns on and carries out OFF control in the part of a circuit where power level is veiy low Thus, the 
method which switches high-frequency power in the part where power level is low is explamed below. 
Although it is necessary to detect an abnoimaUty discharge signal first m this mvention, smce an 
abnormality discharge signal originates in sudden change of the plasma impedance of a load, the 
reflected wave from the adjustment equipment by this impedance mismatch can choose this as a 
detecting point, as a result of being certainly transmitted to this input termmal P2 and the RF power- 
outlet terminal PI. The greatest advantage in the case of performing high-frequency power switching m 
the part where power level is low is that a powerfiil transistor switch can apply easily, and it is because it 
is controllable if it turns on and turns off by the power of the pre amplifier level of the power source also 
withhigh-frequency power big [how ]. , u i,, 

r Prawing 201 ** ~ [Drawing 51 although it is an example of a ** case, simultaneously the abnormality 
discharge signal produced in P2. since a direct current signal VDC is prevented by VC2, it needs to 
detect the negative going pulse of VG. a j 

IDrawin&llJ It is ^i example of this detector containing ********, and is [Drawing 10] . A difference 
is a point which is detecting the RF signal straight polarity half cycle cusp value for the diode Dd for 

mr^^Sg 22] ** Ul is a comparator for detecting a negative going pulse. Other circuitry and actuation 
are [Drawing 101 . Since it is the same as that of what was come out of and explained m fiill detail, it 

omits here. , . , ^-^ • a 

[Drawing 22] It is prawing 231 about an example of the control system in the case of turmng on and 
turning off high-frequency power by the *♦ switching transistor QG. It is shown in a ****** Fig. This is 
[Drawing 22] about the pre amplifier output of RF generator RFG. It is made to ground through 
Resistance RC with the ** fransistor switch QG. Since it can adjust with the value of RC, output power 
in case [ this ] a RF signal will be short-circuited by RC if QG is turned on, and the output power of 
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RGF is turned off is [Drawing 71 . Control which was come out of and described is easy. What is 
necessary is for the output terminal of an osciUator to be sufficient as the node of RC, and just to set it as 
the part of arbitration experimentally. 

rPrawing 241 It is the example which put the ****** means in practical use. 
rOrawing 241 It is alike, it sets and is [Drawing 21] . [Drawing 22] The cables 15 and 16 for signal 
detection drawn from the case SPK 2 which carried out the interior of the ****** are combined by T 
mold coaxial connector etc. to the input terminal P2 of impedance matching equipment MN, and the 
output terminal P21 of the probe-like metal casing PB which enclosed the transistor QG for control with 
the end of the cable 17 for control drawn from another side SPK 2 is connected to the target control 
point on the printed circuit board inside an RF generator. This wiring is for making a RF signal circuit 
into the shortest and losing the effect of [ on actuation ]. This method is above-mentioned [Drawing 2J. a 
** case - differing - the detecting point of an abnormality discharge signal, and the detecting pomt of 
high-frequency power ~ separate ~ not becoming ~ although it does not obtain but can say that it is 
disadvantageous in that the interior of an RF generator requires small-scale reconstruction, the point 
which can switch high-frequency power to a high speed by the high-frequency transistor of high 
performance compensates such disadvantage, and has more than thing. 

fPravHing 241 Although the ** unusual discharge signal detection pomt was taken between the mput 
terminal P2 of impedance matching equipment MN, and the output terminal PI of RF generator RFG 
and the abnormality discharge signal was caught as a reflected wave of impedance matching equipment 
MN this detecting point may be set as the output terminal P3 of Above-mentioned MN, and it is this 
configuration, and is [Drawing 241 . even if it performs high-frequency power control of ******. aU 
results are the same and are ** which ** with the main point of this invention. Next, [Drawing 25] It is 
rPrawing 241 in the case of ************ RFG. The interior of the ** unusual means for preventmg 
discharge is carried out, and the main point of this invention is realized. If it does in this way, it becomes 
unnecessary, convenience of the degree of freedom which it not only increases, but can design mternal 
circuitry freely improves, and the extemal equipments SPK [ SPK and ] 2 can expect improvement m 
the engine performance further. Especially the merit that can use exclusive electromc switches, such as 
an analog switch, is large. It is [Drawing 261 to the last. ** ~ [Drawing 2] Carrying out direct detection 
of the abnormality discharge signal to this generating point from the input termmal of the nearest 
reaction chamber CH similarly, control of high-frequency power consists of main pomt performed m the 
pre amplifier section of the very low RF generator of power level. Since a detecting signal can observe 
the dc component of the plasma and confrol of high-frequency power can be performed with one small 
transistor of high performance a top that the detection approach is easy and positive if it does m this 
way, there is an advantage with very early switching. 
[0006] 
[Example] 
[Example 1] 

[Claim 1] [Example 1] It is [Drawing 2] about ******. It was aUke and was shown. 
[Drawing 2] ** - [Drawing 101 The detector and [Drawing 1 1] which are alike and contam the shown 
potentiometer Impedance matching equipment MN is used as a high-frequency power switch by the 
approach of turning on and turning off relay contact SW in the control circuit which consists of the ** 
comparator Ul, monostable multivibrator U2, and the transistor switch QS, and exfrapolating the 
external-impedance circuit ZX to the reactance network of impedance matching equipment MN. 
[Claim 1] The advantage of ****** is the point that signal detection and power confrol can be 
performed to coincidence at one point, P4 [ for example, ]. 

[Example 2] i.- i. **** 

[Dravvdng 131 ** ~ [Claim 1] The [example 2] been alike and based It is the block diagram which **** 

[flawing 131 **, [Drawing 2] Extend the example of**, the number of relays is made to increase, and it 
is made to put in'practical use further. Although two or more relay contact is connected to a serial and 
contact pressure-proofing increases number twice, the working speed of the relay group by which the 
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exiting coil was connected to juxtaposition has the description of being the same as that of one case. 
Other actuation is [examples 1]. It is the same. 
[Example 3] 

[Drawing 141 ** - [Claim 1] The [example 3] been alike and related It is a ****** block diagram. 
[Drawing 141 ** [an example 1] Although same actuation is performed, it is that which formed the relay 
with contact into the-less contact with a transistor switch, and is advantageous in respect of 
improvement in the speed of operation and high-reliability. In order to acquire non-polar [ the / as 
actuation of a relay with contact / same ], it connected with juxtaposition with NPN and two sorts of 
transistors of PNP, and in order that positive/negative both directions may operate this, each base signal 
is made with the comparator of U3 and U4. 
[Example 4] 

[Claim 2] It is [an example 4] about the example been alike and based. It carries out and is [Drawing 
18] . It is alike and the block diagram is shown. 

[Drawing 18] It is the non-contact controlling element which was realized by the new design unlike 
switching devices, such as a relay of ******, and a transistor. Impedance matching equipment, a switch, 
and the point to be used are [Drawing 2]. [Drawing 13] [Dravsdng 14] ** ~ [Claim 1] Although it is the 
same as that of a ** case, the configurations of the control switch completely differ, and it is [Claim 2] 
about this. It carried out. This method uses a toroidal core for a control switch, changes L by controlling 
the direct current of the exiting coil which inserted the inductance L of a toroidal coil, and the series 
resonant circuit of Capacitor C in juxtaposition, and established them in the output of the reactance 
network of adjustment equipment MN independently, and is developed by the principle which is going 
to use a big change of that resonant impedance for adjustment equipment mismatching-ization. 
[Drawing 18] It is what carried out the interior of the design more than ** to Case SPK, and this 
example of use is [Drawing 2]. It is completely the same. 
[Example 5] 

[Claim 3] It is [an example 5] about the example been alike and based. It carries out and is [Drawing 19] 
about the configuration. It was alike and was shown. 

[Drawing 19] ** — [Claim 1] And [Claim 2] It is alike, the interior of the component of shown this 
invention is carried out to the interior of the case of impedance matching equipment MN, and it is made 
to become independent as impedance matching equipment with an abnormality discharge prevention 
function. This [Claim 3] ****** is [Claim 1] as a result of the degree of freedom of the control point 
selection to the interior reactive element of design up increasing, when convenience increases, since 
others do not take attachment. Compared with a ** case, the advantage which can expect the further 
improvement in the engine performance is **. 
[Example 6] 

[Claim 4] It is [an example 6] about the example been alike and related. It carries out and is ^Drawing 
24] . It was alike and the block diagram was shown. 

[Drawing 24] Since it supplements with a ** unusual discharge signal as a reflected wave from 
impedance matching equipment, while choosing the input terminal P2 as a detecting point and 
connecting with a case SPK 2 by cables 15 and 16, the probe-like case PB which enclosed the transistor 
QG for control is established at the tip of the cable 17 drawn from SPK2, this is extended in the case of 
RF generator RFG, and output terminal P21 point is connected to a power control section. The working 
speed of the advantage of this method is [ control ] an easy thing early. 
[Example 7] 

[Drawing 25] ** — [Claim 5] It is the block diagram showing ********. 

[Drawing 25] The interior of the **** of the abnormality means for preventing discharge of ******** is 
carried out to the interior of an RF generator. If it does in this way, others will not take attachment at all 
but convenience will increase. Moreover, the optimal circuit of switching can be collectively designed 
by the design stage of an RF generator, and the further improvement in the engine performance can be 
measured. 
[Example 8] 
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[Drawing 26] ** - [Claim 6] It is the block diagram showing This is [Claim 1]. The point of 

performing the switch of hig^-frequency power in the pre amplifier part of an RF generator with low 
power level although an abnormality discharge signal is detected fi-om the input terminal P4 point of a 
reaction chamber CH is [Claim 1] Uke a ** case. It is a different method. The advantage of this method 
is that detection of an abnormality discharge signal is trustworthy and switching of high-fi-equency 
power is early. 
[0007] 

[Effect of the Invention] Although the conventional cure against accident in plasma etching was a 
passive thing based on a vast quantity of quaUty control data, when the signs of generating were 
acquired by application of this invention, it was able to acquire the very active and positive accident cure 
effectiveness of corresponding by 1 :1 for every one accident each time, for the first time by it. By this 
method, it did not operate at all without the signs of the occurrence of accident, and since the actuation 
was also a pulse-short time, the usual working condition was not affected. Especially, the big advantage 
like a degree was able to be acquired according to the epoch-making effectiveness of diverting 
impedance matching equipment to some other purpose temporarily as a high-fi-equency power control 
switch. That is, this is [Drawing 18] which dedicated a package of a component of this invention to the 
small case. It is it could be alike and were able to develop independent goods as shown. The description 
is listed next about the use effectiveness of these goods. 

(**) Since an abnormality discharge signal detection point and a high-fi-equency power control point are 
the same points, these goods operate only by connecting with two electric wires to the equipment 
concerned. 

(**) It is theoretically unrelated to the size of the scale of a plasma etching system, structure, a wiring 
method, a manufacturer name, rated power, the load current, and discharge voltage, and, in any cases, 
can respond unconditionally mostly. 

(**) Actuation of only a cell is also possible and is noise cure top profitableness and simple nature size. 

(**) There are few elements which produce secular change and it has high-reliability. 

(**) Almost can be used by no adjusting. 

(**) Don't need a new consumption raw material. 

Although an example and effectiveness of commercialization of this invention were shown above, the 
greatest effectiveness of being in charge of adoption of this invention is the economical effectiveness 
after all. If it compares with the huge economical investment scale of the whole plasma etching system 
sequence The investment cost which application of this invention takes is so small that it can be 
disregarded, and the defect generating damage by abnormality discharge of an expensive work material 
is automatically repeated unconsciously continuously regularly by investment of this level, and it is 
unconditionedness. Since aid can be given without certainly needing an excessive consumable material, 
it will not be an overstatement even if it says that there is that [ no ] to which the effectiveness of this 
invention surpasses this. 
[0008] 



[Translation done.] 
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